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ABSTRACT 
Objective: To confirm antigenic differences between Para- 
strongylus cantonensis and Parasfrongylus malaysiensis, 
Methods: Sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis and immunoblotting were conducted. 
Results: Sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis revealed that the somatic extracts of FI cantonen- 
sis and P malaysiensis adult worms were highly complex with 
no apparent differences in the gel patterns between the two 
species. lmmunoblot analysis using AW-3C2, a monoclonal 
antibody produced against the adult worm of P cantonensis, 
showed variable staining smears in Parastrongylus adult worm 
antigens. With male worm antigens, a distinct antigenic band 
with apparent molecular weight of 205 kDa in P canfonensis 
and one of 180 kDa in P malaysiensis were observed. 
Conclusion: Antigenic differences exist between F? cantonen- 
sis and P malaysiensis among proteins with apparently iden- 
tical molecular weight. 
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Parastrongylus cantonensis and Parastrongylus 
malaysiensis (both previously included in the genus 
Angiostrongylus) are closely related species of Meta- 
strongylid nematodes, inhabiting the lungs of rats. Only 
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P cantonensis has been incriminated as a cause of 
eosinophilic meningitis or eosinophilic meningoen- 
cephalitis in man. 1 However, due to its close relation and 
biologic similarity with I? cantonensis, the potential off! 
malaysiensis as a cause of human diseases needs to be 
determined. 
Attempts to differentiate E! cantonensis from I! 
malaysiensis have been carried out by a number of inves- 
tigators. Cross and Bhaibulaya found, in hybridization stud- 
ies on I? cantonensis and I? malaJ!siensis, that the two 
species did not produce viable progeny,* and Iida and 
colleagues showed that l? cantonensis and I? malaysien- 
sis differed in the generation of mitochondrial DNA frag- 
ments when tested with five types of endonucleases.3 In 
an isoenzymatic study, Sawabe and Mikiya found genetic 
variability between E! cantonensis and I? malaysiensis.4 
In the present study a monoclonal antibody was 
employed to confirm that I! cantonensis and l? malaysien- 
sis are antigenically distinct. 
MATERIAL AND METHODS 
Antigen Preparation 
The Thailand strain of I? cantonensis and the Malaysian 
strain of I? malaysiensis were used in the present study. 
Adult worms were obtained from the pulmonary arteries 
of albino rats that were infected for at least 6 weeks with 
l? cantonensis. The infective larvae were collected from 
snails (Biomphalaria glabrata) experimentally infected 
with f! cantonensis or from l? maZaysiensis-infective lar- 
vae collected from slugs found in the state of Selangor, 
Malaysia. 
Male and female adult worms were washed and then 
homogenized in a small volume of normal saline with a 
glass tissue grinder.The suspension was then sonicated 
and left overnight at 4°C to allow elution of antigens. Sol- 
uble antigens were obtained as the supernatant after cen- 
trfigation at 4000 rpm for 15 minutes. Protein content 
of the extracts was determined using a protein assay kit 
II (Bio-Rad Labs, Hercules, CA, USA). 
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Monoclonal Antibody 
An IgM monoclonal antibody (MAb), namely AW-3C2, pro- 
duced against I? cantonensis adult worm antigens was 
selected for the present study.This MAb was determined 
by enzyme-linked immunosorbent assay (ELISA) to be 
genus-specific for Parastrongylus.AW-3C2 was produced 
by the standard fusion procedures using immunized 
spleen cells from a BALB/c mouse with the NS1 myeloma 
cells, cloned by the limiting dilution method and typed 
to class and subclass using mouse monoclonal sub-iso- 
typing kit (American Qualex International, La Mirada, CA, 
USA). Spent culture supernatant fluid containing MAb 
was used for immunoblotting. 
Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis and Immunoblotting 
The adult worm antigens of I! cantonensis and P 
malaysiensis were separated on sodium dodecyl sulfate 
(SDS)-polyacrylamide slab gels, using the discontinuous 
system of Laemmli.5 A 4% acrylamide stacking gel and 
12% acrylamide separating gel were used. Protein samples 
of about 10 kg were boiled at 100°C for 5 minutes in 
Laemmli sample buffer before loading onto the gel.The 
separated protein bands were visualized by staining with 
Coomassie brilliant blue R.The molecular weights of sep- 
arated proteins were estimated by comparing their elec- 
trophoretic mobilities with those of known standard 
molecular weight markers (Sigma Chemical Company, St. 
Louis, MO, USA). For transblotting, the sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)- 
separated antigens from the gel were electroblotted onto 
a 0.45 km nitrocellulose membrane (Toy0 Roshi Com- 
pany Ltd., Osaka, Japan) by the method of Towbin and co- 
workers.6The nonspecific binding sites on the membrane 
were blocked by soaking in a solution of 5% skimmed 
milk in phosphate-buffered saline (PBS), pH 7.4 for 1 
hour.The membrane was then treated with spent culture 
supernatant (AW-3C2 MAb) overnight at 4”CAfter wash- 
ing thoroughly the membrane was reacted with horse- 
radish peroxidase conjugated goat anti-mouse 
immunoglobulins (American Qualex International) at a 
dilution of 1: 1000 in PBS, pH 7.4 for 1 hour at room tem- 
perature followed by washing. The bound antigen-anti- 
body complexes were visualized by addition of the 
chromogenic substrate solution containing 60 mg of 4- 
chloro-1-naphthol (Bio-Rad Labs) in 20 mL of cold 
absolute methanol mixed with 60 PL of 30% hydrogen 
peroxide in 100 mL of PBS, pH 7.4.The blots were rinsed 
in distilled water, air-dried, and photographed. 
RESULTS 
Parastrongylus cantonensis and I? malaysiensis adult 
worm antigens separated by SDS-PAGE, stained with 
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Figure 1. SDS-PAGE patterns of Parastrongylus cantonensis and FI 
malaysiensis antigens, stained with Coomassie blue. A: F1 cantonen- 
sis adult male worm antigens; B: P cantonensis adult female worm anti- 
gens; C: F! malaysiensis adult male worm antigens; D: R malaysiensis 
adult female worm antigens; E: low molecular weight markers (Sigma); 
F: high molecular weight markers (Sigma). 
Coomassie blue, showed complex patterns with many 
bands (Figure l).There were no distinct differences in the 
gel patterns obtained between the adult worms of the 
two species. However, differences in the intensity of indi- 
vidual peptides existed. The polypeptides of the E! 
malaysiensis adult worm with molecular weight of 205, 
80,60, 56.5, 53, 39.5,22, and 15 kDa were present only 
in small or trace quantities. 
Figure 2 shows the immunoblot obtained with MAb 
AW-3C2 against I? cantonensis and P malaysiensis anti- 
gens.The immunoblot analysis showed variable staining 
smears from about 56 to 110 kDa positions in both 
species of the Parastrongylus male worm.A distinct band 
of the 205 kDa component in f? cantonensis male worm 
and one of the 180 kDa component in l? malaysiensis 
male worm were observed in the immunoblot. No distinct 
band was seen with the adult female worm antigens of 
either Parastrongylus species; smears with varying inten- 
sities were produced. 
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Figure 2. lmmunoblot analysis of monoclonal antibody AW-3C2 
against f? cantonensis adult worm antigens reacted with F! cantonen- 
sis and P malaysiensis antigens. A: P cantonensis adult male worm 
antigens; 6: P cantonensis adult female worm antigens; C: P 
malaysiensis adult male worm antigens; D: P malaysiensis adult female 
worm antigens. 
DISCUSSION 
In this study, SDS-PAGE followed by Coomassie blue stain- 
ing showed complex patterns of P cantonensis and 
I? malaysiensis adult worm antigens with at least 40 
protein bands of molecular weight ranging from 12.5 to 
205 kDa. There were no apparent differences between 
the electrophoretic patterns of the male and female worm 
antigens of the two Parastrongylus species. 
Although SDS-PAGE analysis demonstrated no clear 
differences in the apparent molecular weights of the pro- 
tein antigens, antigenic differences nevertheless occurred 
between these two species. The MAb AW-3C2 produced 
against P cantonensis adult worm antigens possessed 
restricted specificity for Parastrongylus antigens only 
(unpublished data) and demonstrated antigenic differ- 
ences between P cantonensis and I? malaysiensis adult 
male worm antigens in immunoblots. The monoclonal 
antibody reacted with a specific component of about 205 
kDa in Pcantonensis adult male worm antigens, whereas 
the reactive epitope in adult male I? malaysiensis had a 
molecular weight of about 180 kDa. However, the AW- 
3C2 MAb showed poor reactivity against the adult female 
worm antigens of the two species of Parastrongylus.The 
fact that the electrophoretic protein patterns for these 
two Parastrongylus species are very similar, whereas the 
immunoblot patterns are clearly different, shows the exis- 
tence of immunologic similarities between proteins of 
differing molecular weight. 
Detailed structural analysis of variant antigens by 
means of MAb has also been reported. McBride and asso- 
ciates, using a panel of monoclonal antibodies produced 
against the schizont antigens of Plasmodium falciparum, 
showed that Pfalciparum consisted of a number of anti- 
genitally diverse strains.’ The ability of monoclonal anti- 
bodies to recognize variant antigens will be of value to 
research aimed at the development of widely applicable 
vaccines. In the present study, the AW-3C2 MAb against 
J? cantonensis adult worms recognized one epitope on 
proteins of heterologous molecular weight in R 
malaysiensis. This MAb is, therefore, potentially useful 
for distinguishing strain differences in other related Paras- 
trongylus species namely, I? mackerrasae, I? costaricen- 
sis, and I? siamensis. 
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